Studies of the polypeptides synthesized by normal and transformed human cultured cells under a variety of physiological conditions have revealed a basic 54-kDa protein NEPHGE 1Oa, whose rate of synthesis is sensitive to changes in the rate of cell proliferation. This nuclear phosphoprotein, which we have termed "dividin" (present only in populations of cells committed to divide), is synthesized almost exclusively during the S phase of the cell cycle of transformed human amnion cells (AMA). Dividin synthesis is first detected late in G, near the G1/S transition border, reaches a maximum late in S phase, and declines thereafter. As expected for an S phase-specific protein, no detectable synthesis of dividin was observed in growth-arrested normal human cultured cells of epithelial and fibroblast origin. These findings suggest a role for this protein in events leading to DNA replication and cell division.
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Working with the hypothesis that somatic cell transformation may be due to the abnormal expression of normal genes, we began a detailed study of the overall patterns of gene expression at the level of protein synthesis in normal and transformed human cells to identify proteins that may be involved in the control of cell proliferation (1) (2) (3) (4) . The ultimate goal of these studies is to elucidate the pathway(s) that controls cell proliferation in normal human cells and, hence, to determine the means by which alterations of the pathway(s) lead to abnormal growth and/or neoplastic transformation and cancer.
To date, several growth rate-and transformation-sensitive polypeptides have been identified using high-resolution twodimensional (2D) gel electrophoresis (refs. 2 and 3 and references therein). Of these, the proliferation-sensitive nuclear protein cycin (2) (3) (4) (5) (6) , also termed proliferating cell nuclear antigen (PCNA) (7, 8) , is one of the most striking as the rate of synthesis of this protein increases specifically during S phase (9) (10) (11) , and its activity may be associated with some specific aspect of DNA replication (12) (13) (14) (15) (16) (17) (18) .
In this communication we present evidence showing that the proliferation-sensitive 54-kDa human nuclear basic phosphoprotein NEPHGE 10a [ Fig. 1 (24, 25) . At the end of 'the labeling period the medium was aspirated, and the cells were resuspended in 20 ,1l of lysis buffer (26) . Mitotic cells (in suspension) were labeled for 45 min under similar conditions. 2D Gel Electrophoresis. 2D nonequilibrium pH gradient gel electrophoresis, NEPHGE (27) , was carried out as described by Bravo et al. (28) . Gels were processed for fluorography as described by Laskey and Mills (29) . For quantitation, individual spots were excised from the gels, resuspended for 10 hr in Filter-Count (Packard), and counted for 10 min.
Indirect Immunofluorescence. Synchronized cells (at various stages at the cell cycle) grown on round glass coverslips (12 mm Abbreviations: NEPHGE, nonequilibrium pH gradient electrophoresis; PCNA, proliferating cell nuclear antigen; 2D, two dimensional.
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. (27) and fluorography (29) Fig. 2A) , G1 (labeled 5 hr after plating mitotic cells, Fig. 2B ), S phase (early S, labeled 11 hr after plating, Fig. 2C ; early S, labeled 13 hr after plating, Fig. 2D ; late S, labeled 17 hr after plating, Fig. 2E ), and G2 cells (labeled 21 hr after plating, Fig.  2E) are shown, and quantitative data for dividin and NEPHGE 7 is plotted in Fig. 3 analysis of methanol-fixed synchronized cells labeled with PCNA antibodies specific for cyclin (17, 23) . Of all the basic proteins quantitated in this study (only data for NEPHGE 7 is plotted in Fig. 3) , only dividin was synthesized in a phase-specific manner (Figs. 2 and 3) . Dividin synthesis was first detected late in G1 near the G1/S transition border, reached a maximum late in S phase, and declined sharply thereafter to reach a low level in G2 (Figs.  2 and 3) . The low level of dividin synthesis observed in G2 is most likely due to contamination with S phase cells.
Growth-Arrested Cultured Human Cells do not Synthesize Significant Levels of Dividin. As expected for an S phasespecific protein, growth-arrested human cultured cells do not synthesize detectable levels of dividin. Fig. 4A shows the relevant area of a representative 2D gel pattern (NEPHGE) of [35S]methionine-labeled proteins from growth-arrested MRC-5 human fibroblasts kept for 4 days in 0.5% serum before labeling. Absence of S phase cells was confirmed by indirect immunofluorescence using PCNA (cyclin) antibodies (13, 14, 17, 23, 31) (Fig. 4C) . As shown in Fig. 4A , no detectable levels of dividin were observed in these cells, while significant synthesis was detected in similar cultures stimulated to enter S phase by addition of DMEM containing 10% (vol/vol) serum ( Fig. 4B ; labeled 18 hr after release; about 33% of the cells are in S phase, Fig. 4D ). Similar low levels of dividin have been observed in growth-arrested human WI-38 fibroblasts and in epithelial amnion and epidermal basal cells (data not shown).
DISCUSSION
Identification of proteins that may be involved in the control of cell proliferation in normal cells has become a priority area in basic cancer research today. Several protooncogene products have been shown to be expressed in a cell cycledependent manner (32) (33) (34) (35) (36) (37) , suggesting that they may function at various stages of the mitogenic pathway.
Our laboratory has reported the identification of the nuclear protein cyclin (2-6), also termed PCNA (7, 8) , which is synthesized preferentially during S phase (9-11) and whose function may be associated with some specific event related to DNA replication and cell division (12) (13) (14) (15) (16) (17) (18) . In the present study we have shown that the proliferation sensitive nuclear phosphoprotein NEPHGE 10a (2, 3), here termed dividin, is also synthesized in a cell cycle-dependent manner. Dividin is synthesized almost exclusively during the S phase of the cell cycle, although increased synthesis of this protein can be first detected late in G1 near the G1/S transition border. Dividin is a stable (half-life greater than 6 hr), minor component of transformed human cells (Fig 5; AMA cell proteins stained with silver nitrate) (see also refs. [19] [20] [21] , suggesting that it may not serve a structural role.
At present nothing is known concerning the function or mode of action of dividin. Whether this protein is involved in the control of cell proliferation or merely functions in some specific aspect of DNA replication is currently unknown. As far as we can judge from molecular size estimates, isoelectric point, as well as other characteristics, such as cell-type specificity and cellular distribution, dividin is different from the oncogene products known to be expressed in a cell cycle-specific manner (fos, myc, ras, and p53; refs. [32] [33] [34] [35] [36] [37] , or to other cell cycle-specific proteins such as thymidine kinase (38) , histones (ref. 39 and references therein), p68 (40) , dihydrofolate reductase (41), p55 (42) , statin (43) , and thymidine synthetase (44) . In particular, dividin differs from p53 in its isoelectric point (p53 is more acidic), cell-type specificity (p53 is not present in HeLa cells), and stage of the cell cycle at which it is synthesized [p53 is synthesized in S and part of G1 (36) identified a 55-kDa nonhistone protein in HeLa cells that is preferentially phosphorylated during S phase. The relation between this protein and dividin is at present unknown.
So far, 2D gel electrophoretic analysis of basic proteins from transformed cell types from mouse origin has failed to reveal a proliferation-sensitive protein having the same molecular weight and isoelectric point as human dividin (ref. 1 and unpublished observations). Dividin synthesis has been observed in all transformed human cultured cells so far analyzed of fibroblast, epithelial, and lymphoid origin (46) .
Finally it should be stressed that to date only two proteins have been identified as S phase specific (cyclin/PCNA and dividin) among the thousands of proteins resolved in human cells by means of high resolution 2D gel electrophoresis (19) (20) (21) . Even though dividin is a minor component (0.02%) of the total labeled proteins of HeLa cells (refs. 3, 19-21 , see also Fig. 5 ), less abundant cell cycle-specific proteins may only be revealed by the analysis of enriched fractions.
